The Anatomy of the Modern Disposable Diaper (Figure 1)
The topsheet, or the uppermost layer on the inside of a diaper, is the primary diaper material that comes in contact with an infant's skin. Essential to the anatomy of a premium diaper, some diaper topsheets are treated with a lotion-containing pharmaceutical-grade petrolatum, or barrier ointment. The barrier ointment acts as a barrier against moisture and irritants, and as a skin conditioning agent. Furthermore, clinical studies have demonstrated that barrier ointment present in diapers can help improve skin condition and reduce skin roughness. 1 The diaper's inner core is composed of super absorbent polymers (SAPs), which can absorb more than 30 times their own weight in fluid. 2 More than 450 safety studies have previously been conducted to confirm that there is no skin irritation, sensitization, or other safety risks associated with SAPs. [2] [3] [4] [5] [6] [7] [8] [9] When dry, SAPs look like small, transparent crystals. When wet, they unravel and swell, transforming into a gel-like substance. Despite their high absorbency, SAPs are not water soluble and will not fully break up when wet. As a gel, SAPs are particularly durable and can withstand high pressure to avoid rewetting even when babies are active. 2, 10 Last, the backsheet of the diaper is made of a waterproof polyethylene film and a microporous barrier with tiny holes that are too small for water drops to leak through. This particular structure instead allows water vapor to be released, keeping the outside of the diaper dry, while allowing the inside to have a lower relative humidity.
Myths and Facts About Most Diaper Ingredients
Disposable diapers are made from materials that have a long-standing and well-trusted safety profile, with no sensitizing disperse dyes or latex. The ingredients are most commonly biologically inert polymers (cellulose, polypropylene, polyester, and polyethylene), spandex, and pigments, which are bonded together through pressure and adhesives. These materials can be found in fabrics and other materials that are frequently in contact with skin, foods, or cosmetics.
Common Ingredients Found in Disposable Diapers
Only Pigments, No Disperse Dyes. Colors are frequently added to disposable diapers to enhance the diaper experience, often with vibrant character designs (exterior) or to designate the super absorbent areas of the diaper (interior). Consumer research has indicated a preference for use of colors that make diapers appear to resemble underwear, and safety evaluations have shown that, as used, the colors used in diapers should not cause irritation or dermatitis (Table 1) . 11 Despite the common misconception and previous concerns, 12 the colors in disposable diapers are pigments, not disperse dyes. 13 Pigments are very large molecules that do not absorb moisture when wet and are not known to cause skin irritation or sensitization based on standard toxicological tests. They can be found in textiles, toys, crayons, cosmetics, food packaging, and some medical applications. Pigment colors have been deemed systemically safe, 14 and even if a small amount transfers to the skin, it can be easily washed off. 10 Lotions, Ointments, and Other Skin Conditioning Agents. Lotion in modern disposable diapers is typically a barrier ointment containing pharmaceutical-grade petrolatum, stearyl alcohol, and aloe. Consumers might confuse petrolatum with petroleum (an ingredient that can be used to develop oil products), which can be a source of worry for new parents. Petrolatum is a welltested and, as used, a safe cosmetic ingredient found in many skin care products. When present, a very small amount of barrier ointment is included on the diaper topsheet (less than one tenth of a gram for a newborn diaper). This ointment is designed to transfer to baby's skin. 15 Ointment-containing diapers, together with other diaper construction features and taken along with other factors, have been clinically proven to reduce skin wetness, improve skin barrier properties, help reduce erythema, and help maintain baby's overall skin health. 15, 16 Stearyl alcohol, a type of fatty alcohol, is another ingredient commonly found in the barrier ointment containing disposable diapers. Despite the belief that alcohols have a tendency to dry out skin or hair, alcohols are a large and diverse family of chemicals, with different names and a variety of effects on the skin. The alcohol found in diapers (stearyl) is nondrying and is added to the barrier ointment on the surface of the diaper to help ensure baby's skin is well moisturized (Figure 2 ). 11 Fragrances. Fragrances are organic molecules derived from natural and synthetic sources that are added to consumer products to make them smell pleasant and/or mask bad odors. All fragrances included must pass rigorous international safety standards (IFRA) and have been assessed to ensure they are nonsensitizing or allergenic. 17 Additionally, when present in some disposable 
Interior
The colors on the inside of diapers are composed of nonsensitizing pigments that are bound during the fibermaking process into the fibers of the topsheet that covers the absorbent core materials. During diaper construction, these pigments are embedded deep within the diaper material to minimize leaking out of the diaper or rubbing off onto the baby's skin, even when the diaper is fully wet. 10 
Exterior
Exterior colors are also composed of nonsensitizing pigments and are designed to assure color-fastness. However, in rare circumstances, for example, with the use of lotions or creams, a small amount of color may transfer to baby's skin. These pigments will not irritate the skin and can be removed with the use of mild soap and water or baby oil and a soft cloth. 10 diapers, they are added in very small amounts and are located underneath the absorbent materials away from baby's skin.
Common Ingredients Not Found in Disposable Diapers
Added Elemental Chlorine. A small amount of wood pulp is used in baby diapers to absorb wetness. The pulp is purified in a multistep process called "bleaching," which makes the fibers soft, fluffy, and absorbent. Before the 1990s, elemental chlorine gas was used in one step; however, this method is no longer used because trace amounts of pollutants, like dioxins, were formed. Due to growing concerns about the unwanted byproducts with potential impacts on human and environmental health, the environmental agencies in the United States, Canada, and Europe began regulating the wood pulp manufacturing process in the 1990s to eliminate any dioxin sources from the paper industry. 18 Today, pulp is purified using other process ingredients. Modern bleaching processes include elemental chlorine free (ECF), enhanced elemental chlorine free (EECF), and totally chlorine free (TCF; see Table 2 ). The most commonly used is ECF. These methods produce far fewer chlorine-containing chemicals and have virtually eliminated a number of chlorinated chemicals of concern, including dioxins, from pulp production. The chlorine dioxide used in the ECF process is different in structure and behavior than elemental chlorine. It is also commonly and safely used in water purification and treatment. 19 The US Environmental Protection Agency, Food and Drug Administration, and other groups have found the current methods are safe and dioxin-free.
In general, the term "chlorine-free" means that elemental chlorine was not used to bleach the pulp used in the product, which has been standard for almost 2 decades across the industry. It is important to note this term does not mean that the product has no chlorine atoms, as they can be introduced through any municipal water source and are safe at low levels.
Latex. Natural rubber latex is a milky fluid found in natural rubber trees, which is the key ingredient in polymers that are rubber-based. Latex allergies are well known, and occur when the proteins in the natural rubber compound are mistaken by the immune system as a harmful substance. This type of reaction can lead to rashes, swelling, and even, in some severe cases, anaphylaxis, a serious and sometimes life-threatening allergy. 20 Typically, current disposable diapers are latex-free. Unlike previous generations, modern disposable diapers do not contain natural rubber and latex components. Instead, many of them use spandex to create stretchy leg cuffs and waistbands. This synthetic polymer commonly found in clothing reduces the possibility of skin irritation and discomfort, compared to latex.
Other Materials. Additional controversial chemicals have raised questions for parents, such as phthalates, organotins, heavy metals, bisphenol A, and polyvinyl chloride, which have been associated with negative effects. These chemicals are not added to disposable diapers; rather, manufacturers conduct robust safety assessments on all potential components to ensure there are no associated toxicological concerns prior to considering them for use in disposable diapers (Table 3 ). 21 Uses hydrogen peroxide, oxygen, or ozone. This process is employed for about 5% of pulps. Natural rubber latex Latex is a milky fluid found in natural rubber trees, which is the key ingredient in polymers that are rubber-based.
Latex allergies are well known, and occur when the proteins in the natural rubber compound are mistaken by the immune system as a harmful substance. Added elemental chlorine (as part of the wood pulp manufacturing process)
A small amount of wood pulp is used in diapers to absorb wetness. The pulp is purified in a multistep process called "bleaching," which makes the fibers soft, fluffy and absorbent.
Before the 1990s, elemental chlorine gas was used in one step; this method is no longer used because trace amounts of pollutants, like dioxins (highly toxic byproducts), were formed.
Phthalates
A family of chemicals used in plastics and many other products to soften and increase the flexibility of plastic and vinyl.
While the human effects of exposure are unknown, some studies have illustrated reproductive complications in laboratory animals, leading some to suggest that they act as endocrine disruptors in people. 22 
Disperse dyes
A class of slightly water-soluble dyes dispersed in aqueous solution for dyeing synthetic textile fibers.
Disperse dyes are considered to be key allergens in textile dermatitis. 23 Heavy metals Any relatively dense metal or metalloid that is noted for its potential toxicity or potential to cause an allergic reaction.
In large amounts, toxic heavy metals like mercury and lead have been shown to have negative effects on human systems, including developmental disabilities. [24] [25] [26] Some metals like nickel and gold, which are frequently encountered in jewelry and clasps or buttons on clothing, can cause allergic contact dermatitis. 27, 28 
Organotins
Chemical compounds based on tin with hydrocarbon substituents used as stabilizers in the manufacturing of plastics as well as for use as biocides in industrial applications.
Some organotin compounds have a variety of toxicity, including to the marine environment, immunotoxicity, and effects on the nervous system. 29 Polyvinyl chloride (PVC) An odorless and solid plastic that contains high levels of chlorine, used to make medical devices, garden hoses, and toys.
Exposure to PVC may have adverse health effects, as the high levels of chlorine present can cause reproductive and developmental problems. Furthermore, certain carcinogenic dioxins may be released during the manufacturing or landfilling of PVC. 30, 31 Bisphenol A (BPA)
An industrial chemical used to make certain plastics or epoxy resins including water bottles, sports equipment, CDs, and DVDs.
BPA exhibits hormone-like properties that raise concern about its suitability in some consumer products and food containers. 32 
Formaldehyde/ formaldehyde releasers
Formaldehyde: A preservative with multiple uses found in paper products, paints, medications, household cleaners, cosmetic products and fabric finishes.
These compounds have been linked to cancer, skin irritation, and skin allergies. 33, 34 Formaldehyde releasers: Chemical preservatives often found in cosmetic products, including DMDM Hydantoin and Quaternium 15, that slowly release formaldehyde.
Parabens
Represent a class of compounds commonly used as preservatives in cosmetic products.
Some reports of parabens have estrogenic activity. 35
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